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Abstract
This dissertation explores the application of game mechanics in the context
of electronic health (eHealth). The aspects examined are mostly inherent the
"gamification" field, a new term describing the use of game mechanics in non-
game contexts. After analysing the state of the art, we tackle the matter of
medication adherence with the development of a gamified solution, both online
and mobile, for chronic and as-needed medication management, drDrin. We
describe the design and implementation of this solution, furthermore assessing
this concept interviewing real patients.
Keywords: Gamification, eHealth, Game Design, Medication Adher-
ence.
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Introduction
It all comes to games, in the end. From the beginning of our lives up to the
adult stage. Even though during the adult stage we hardly recognise them as
games, the rules and outcomes are there, even if it is social and relationships
games we are playing. Most of the times what is at stake is status or money,
things that radically affect us, hence, why not focusing on health?
One of the main reasons we play is the control we have on the outcome,
we are able to affect the course of the events and we do like it. Game logic
could be used in order to develop health behaviour changes and a personalised
health program as it will be discussed later on in this dissertation. Games,
and especially video games, have been seen as a trivial activity for a long time
but now, thanks to the broadening of the market, social networking games
and casual gaming, a mild acceptance has come into being.
What I would like to discuss in this thesis starts out from this newpoint
of view on video games. I would like to explore how they can make us better
and improve our well being or just generally influence the way one behaves.
For this reason I will focus on a reality I have been a part of, drDrin.
drDrin could be described as a pill-reminder app, although this depiction
could come out as restrictive. What its team aims at is a rather innova-
tive communication channel and a simple way to manage complex therapies.
While I was working with them, we have been tackling the issue of patient’s
adherence to the application (also considering their engagement), and we came
up with the idea of gamification.
I will extensively explain what gamification is in the first chapter, for now
let us say that it is the application of game concepts in non-ludic contexts.
The application of gamification to a platform such as drDrin could lead to a
1
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tangible transformation of the user, going from patient to player. With the
help of the team behind drDrin, I devised a companion to the app that should
help with this issue, transforming a passive patient in an active player. The
companion to the app comes in the form of a small plant and there will be
a thorough description of why it is so in the second chapter. The technical
aspects of the actual implementation will be discussed in the third chapter.
Having the player care for something sounded like a good way to engage
the user and have him/her use the application more frequently. This way,
both the user and whoever stands behind the app will have, hopefully, good
results. These results will come from the validation and user testing explained
in chapter four and expanded through the conclusive chapter.
Well, that was all for the introduction! Not too bad, right? Achievement
unlocked.
Chapter 1
Background and Related Works
1.1 Gamification
First things first. What exactly is Gamification?
Gamification is a relatively new term, and it could actually mean different
things to whomever speaks or writes about it. It could be mainly defined,
according to Zichermann and Cunningham, as “the process of game-thinking
and game mechanics to engage users and solve problems” (2011, p. xiv). This
might probably be the most flexible way to describe this concept, although,
many a definitions are given throughout papers and the internet.
Let us start by saying that the idea of using game thinking to solve prob-
lems and engage audiences is not exactly new, the military have been using
games (and especially video games) for years, either to train soldiers, to sim-
ulate conflicts or to treat Post-traumatic Stress Disorder (PTSD).1
Nowadays the examples of gamified solutions are countless: they span
from Foursquare’s badges2 to Codeacademy’s progression bars3 and we still
have to consider all of the health and fitness related examples, for I will be
analysing them later on in this thesis.
It is still necessary to delve deeper into the meaning of the term gamifi-
1See also War Play: Video Games and the Future of Armed Conflict by Corey Mead
(2013) for further information about the subject.
2https://it.foursquare.com/
3http://www.codecademy.com/
3
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cation. It allegedly started out as a noun in 2002 but it only began being of
interest in 2011 as it can be seen in Figure 1.1. The popular interest in gam-
Figure 1.1: Gamification researches according to Google Trends.
ification is also reflected in academic context, figure 1.2 shows the increase of
writings on the topic and how the term gamification has been increasing more
rapidly than general search hits, as portrayed by Hamari and Harri in their
extensive “Does Gamification Work? — A Literature Review of Empirical
Studies on Gamification”. It is also worth noticing that some are strongly
Figure 1.2: Search hits for “gamification”.
against the use of the term gamification, especially Jane McGonigal, game
designer, author and strong advocate on how digital technologies could make
our lives better; often referred as one of the “faces of gamification”(Burkeman
2011), McGonigal stresses the difference between game design and gamifica-
tion as I will do further on, especially in subsection 1.1.2.
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In order to fully understand gamification, before trying to explain the
term further, it is necessary to consider the reasons why we play in the first
place. To do so I will turn to Huizinga and his Homo Ludens: A Study of the
Play-Element in Culture:
[...] even in its simplest forms on the animal level, play is more
than a mere physiological phenomenon or a psychological reflex. I
t goes beyond the confines of purely physical or purely biological
activity. It is a significant function-that is to say, there is some
sense to it. In play there is something "at play" which transcends
the immediate needs of life and imparts meaning to the action. All
play means something. If we call the active principle that makes
up the essence of play, "instinct" , we explain nothing; if we call
it " mind" or "will" we say too much. However we may regard it,
the very fact that play has a meaning implies a non-materialistic
quality in the nature of the thing itself. (1980, p. 1)
Huizinga here asserts that there is a deep meaning in playing, that it has
sense, so it would be completely reasonable to associate the act of playing
with things that have sense in our lives. Of course, it might sound a bit
preposterous trying to apply this way of thinking to video-games, but follow
me for a little longer.
What videogames mostly succeed at is engagement. Gamers have had
enough of reality. “They are abandoning it in droves-a few hours here, an
entire weekend there, sometimes every spare minute of every day for stretches
at a time-in favor of simulated environments and online games.”(McGonigal
2011, p. 2) They are necessarily connected and engaged to the environments
they populate and, most of the times, they tend to be loyal to the game they
play, let us think of massively multiplayer online role-play games (MMORPG)
like World of Warcraft. Gamification can be described as an evolution of the
concept of loyalty, considered as “encouraging an incremental choice in your
favor when all things are mostly equal” (Zichermann and Cunningham 2011,
p. 5).
The act of gamifying a solution could be then considered as a different
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approach to loyalty and engagement in customers/players, for it is not so
different from loyalty programs such as frequent-flyer or “buy 10 get 1 for
free.” McGonigal says in her book that reality is “broken,” what game worlds
offer the real one does not and that there is more to achieve and more to feel
in unreal contexts than in real ones (2011, p. 3).
Starting from the last sentence, it is then of paramount importance to
understand why we play in the first place. Zichermann and Cunningham sum
it up in four main criteria: for mastery, to destress, to have fun and to socialise
(2011, p. 20). Those are similar to the four keys discussed by Nicole Lazzaro in
her paper “WhyWe Play Games: Four Keys to More EmotionWithout Story”:
Hard Fun, the emotions coming from meaningful challenges, strategies and
puzzles; Easy Fun, when the attention of the player attracted to ambiguity,
incompleteness and detail; Altered States, where emotion are generated with
perception, thought, behaviour and other people; The People Factor, the
opportunities for competition, cooperation performance and spectacle (2004).
Of course, the reason why we play were also discussed by Huizinga from
a psychological/behavioural point of view. According to Huizinga, “This in-
tensity of, and absorption in, play finds no explanation in biological analysis.
Yet in this intensity, this absorption, this power of maddening, lies the very
essence, the primordial quality of play” (1980, p.3). So there is a primordial
quality, an element of what he calls fun, which makes playing significant. In
addition to that, Huizinga stresses the importance of the aesthetic connota-
tion of play, he states that “play has a tendency to be beautiful” and “the
words we use to denote the elements of play belong for the most part to aes-
thetics, terms with which we try to describe the effects of beauty: tension,
poise, balance, contrast, variation, solution, resolution, etc”(1980, p.10). I
will be discussing those specific aesthetic connotations in subsection 1.1.2, for
aesthetics is one of the three pivotal points of the game design framework I
used.
I have tried to briefly summarise the reason beyond playing (in a way
that should be not considered extensive whatsoever), which could be also
applied to why we play videogames, for there is not much of a difference in
the outcomes, at least. I will now try to explain the term more thoroughly,
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before moving on to how games influence user experiences.
I will again use a definition by Werbach and Hunter from their For the
Win: How Game Thinking Can Revoutionize Your Business : gamification is
“the use of game elements and game-design techniques in non-game contexts”
(2012, p.26). We will see in detail what they meant with game elements and
game-design techniques in subsection 1.1.2, regarding the non-game contexts,
this could be a broad term, including either internal, external or behaviour-
change situations (2012, p.29). The whole point stands in involving something
from the real world that has an impact either socially or for business related
thinking. The person experiencing a gamified system should not be merely
playing, but mostly they should be engaged and feel motivated/attracted to
the solution.
There will be no discussion on whether it is right or not to use the term
gamification, for I will stick with it during the whole paper. Nonetheless,
there will be other examples on what gamification is further on. For now let
us move to how this impacts user experience.
1.1.1 User Experience and Persuasive Technology
As stated by Hamari and Pakkanen in their paper, “Do Persuasive Tech-
nologies Persuade? - A Review of Empirical Studies”, technology in recent
years has tried to persuade people and motivate them toward various indi-
vidually and collectively beneficial behaviours, and in this field the two con-
ceptual approaches dominating are persuasive technology and gamification
(2014). The conceptual core of both approaches incorporates technologies
aimed at affecting users’ psychological attributes (attitudes or motivation)
presumed to affect behaviour. Differences, of course arise and they seem to
come out mainly from “the emphases in the articulation of the persuasive
stimuli and the psychological mediators [...] persuasive technology focuses
more on social and communicative persuasion and attitude change, gamifi-
cation centers more around invoking users’ (intrinsic) motivations (thorough
gameful experiences and affordances)” (2014, p.119). Figure 1.3, taken from
the beforehand quoted paper, shows how the two keywords were researched
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in the Scopus4 database.
Figure 1.3: Search hits for “gamification” and “persuasive technology” in the Sco-
pus database.
In trying to define gamification I stumbled upon the definition of engage-
ment and attraction and both terms could be related to the user experience
field. When designing a gamified solution the aim is also towards creating a
better user experience. A better user experience (from now on, UX) results in
a more satisfied customer, a satisfied customer sticks for a longer time with a
website or application he likes. Persuasive technology kicks in when you try to
couple up a good UX and behavioural change, and here is where games excel.
Interaction with games, in this case videogames, has been considered lately as
a potential means able to shape user behaviour. How is gamification related
to persuasive technology and user experience then? Easy, it makes people do
things. Gaming can make a better world, as Jane McGonigal explains in her
TED 5 and as I will try to expand in subsection 1.3, therefore there is more
than one reason to apply a game-like frame of mind to reality.
Of course, most of the times a website or an application would have a very
4http://www.scopus.com/
5http://www.ted.com/talks/jane_mcgonigal_gaming_can_make_a_better_world?
language=en
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different goal from a videogame; a gamified solution in fact, is not a game and
it’s part of the design process. Fogg in his article “Persuasive technology: using
computers to change what we think and do” says, “[...] it seems reasonable to
suggest that a more attractive technology (interface or hardware) will have
greater persuasive power than an unattractive technology” (2002, p.92). A
reasonably well made game is definitely “attractive,” thus it could be said that
it has a greater persuasive power compared to other activities. In the before-
mentioned article, Fogg also explains how computer could be pictured as
persuasive social actors, through physical cues, language and social dynamics
(2002).
What has also been studied by Fogg is a behaviour model for persuasive
design, as can bee seen in Figure 1.4 taken from his “A Behavior Model for
Persuasive Design”. The three factors considered by Fogg in his model, moti-
Figure 1.4: The Fogg Behaviour Model and its three factors: motivation, ability
and triggers.
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vation, ability and triggers, could be linked to similar elements regarding why
we play (as I mentioned in section 1.1): one of the core motivators is pleasure,
and we do consider playing a pleasing experience; ability comes from practice,
in games we are challenged to overcome obstacles; triggers tell you to perform
a behaviour now and in order to have someone do so, you could trigger it with
a motivational element (2009), this element could be a reward coming from
the game or the game logic could act as a facilitator in triggering the wanted
behaviour.
There are many examples on how game elements have become “one of the
most challenging and acclaimed strategies to turn applications of information
and communication technology into systems that persuade, motivate, and
empower users to take action” (2014, p.V) and this course of action, applied
on mobile health and fitness, will be the focus of my section 1.3.
In the proceedings of the Persuasive Technology international conference
(which I quoted earlier) held in Padua, games and videogames are a predomi-
nant part of some interesting papers: Chen et al. devised a social competition
game to motivate people heavily using computers to stretch using an app and
Microsoft’s Kinect (2014, pgs. 25-30), Chittaro analysed how a virtual risk
experience 3D game could help change people’s attitude towards safety topics
(2014, pgs. 31-42) while Clinkenbeard et al. used a serious game (differences
between gamification and serious games will be covered in the next section)
where players must counteract a fictional terrorist threat in order to mitigate
cognitive bias in players (2014, pgs. 92-105). Please refer to the whole pro-
ceedings, Spagnolli and Luciano 2014, for more in-depth details and further
papers on the subject.
We have briefly seen how game thinking and game-like contexts could be
applied to a field such as persuasive technology and how it could help creating
a better user experience. There is still more to tell about what stands behind
a game, depending on what kind of game experience one wants to create. Let
us move now to Game Design.
CHAPTER 1. BACKGROUND AND RELATED WORKS 11
1.1.2 Game Design
According to what I have said in the previous sections, gamification is
good and could persuade people in behaving in a certain way. Provided that
the person in charge of gamifying the solution is actually a game designer.
Gamification cannot be played down to just sticking some badges on your
virtual user, nor giving him points, it is much more than that. And even
though, as McGonigal always stresses, gamification 6= game design, trying to
be a good game designer could lead to good gamification. First and foremost
though, let us see what are the elements used by game designers in devising
a game.
Game designers are all about choices and strategies, they have to take care
of everything in a game, whether it is a board-game or a videogame. It is a
meticulous work of symmetry, difficulty and progression. Most of all, game
designers want to obtain flow.
The concept of flow has been outlined by Mihaly Csikszentmihalyi, hun-
garian psychologist in the ’90s. Since then, he has been really active in the
field of creativity and process, refining his flow theory. What is flow then?
Flow is a state of deep engagement, complete single-minded attention, being
“in the zone.” When you are so lost in an activity that you lose track of time,
that is flow. In his first book about the subject, Beyond Boredom and Anxi-
ety, Csikszentmihalyi says: “we shall refer to this peculiar dynamic state—the
holistic sensation that people feel when they act with total involvement—as
flow” (1975, p.36). Also according to Csikszentmihalyi, “Flow tends to occur
when a person’s skills are fully involved in overcoming a challenge that is
just about manageable. Optimal experiences usually involve a fine balance
between one’s ability to act, and the available opportunities for action” (1997,
p.21) as can be seen in Figure 1.5.
Aim of the game designer, then, is obtaining this state of flow, to find that
point between anxiety and boredom, that strip portrayed in Figure 1.6 taken
from Gamification by Design after Csikszentmihalyi.
“When you are in a state of flow, you want to stay there: both quitting and
winning are equally unsatisfying outcomes” says McGonigal in her Reality is
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Figure 1.5: Optimal experience, or flow, happens when both variables, challenges
and skills, are high.
Figure 1.6: The state of flow is achieved when a player is placed between anxiety
and boredom over a period of time.
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Broken: Why Games Make Us Better and How They Can Change the World
(2011, p.24). Let us think of Tetris, an infinite game where players have the
simple purpose of continuing to play a good game.
Flow is not easy to achieve, usually in order to develop enough skills to
be engaged, one has to go through practice, usually swinging from anxiety to
boredom. As McGonigal puts it, though:
Flow wasn’t supposed to come easy. But, as Sudnow and millions
of other early gamers discovered, video games made it possible to
experience flow almost immediately. Video games took the tra-
ditional properties of potentially flow-inducing activities—a goal,
obstacles, increasing challenge, and voluntary participation—and
then used a combination of direct physical input (the joystick),
flexible difficulty adjustment (the computer algorithms), and in-
stant visual feedback (the video graphics) to tighten the feedback
loop of games dramatically. And this faster, tighter feedback loop
allowed for more reliable hits of the emotional reward fiero: each
microlevel of difficulty you survived prompted a split-second emo-
tional high. (2011, p.41)
What elements do we have to try and “lure” our customers/players then?
Well, that is a good question, especially considering that some of the com-
mon elements are part of a triad that constitutes nowadays the only knowledge
about gamification: Points, Badges and Leaderboards (PBL). Points, badges
and leaderboards are part of gamification, but are not gamification in them-
selves, just a starting point. If used in a relevant way, they could provide
good feedback and powerfully achieve a good gamification. All three of them
are parts of the Game Mechanics field of game design, and I will go in deeper
detail in the MDA framework section.
Points are an effective means of keeping score and are important not only if
their accumulation is shared with other players, but also if it is shared between
the player and the player himself. They may determine a win state of a
gamified process, assuming it has a win state, and provide effective feedback
as well. We use points as an external display of progress and because, of
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course, they provide data for the game designer. Tracking and storing points
is of vital importance to actually extract some knowledge out of a gamified
process (2012). Most of the times points are used as a virtual currency to
pay for customers’ “services.” One of the latest example being Tripadvisor’s
launch of Tripcollective 6 where users get points for their reviews, photos and,
of course, ratings.
Badges are mostly a signal of status, loads of websites use them and most
users collect them just for the sake of the collection itself.They have been
definitely sticking around for a long time and still function as a powerful
drive. Either a goal to strive for or an indication of what to do in the first
place (guiding the customers) or even virtual status and identity with some
other users, badges are flexible (2012). See Figure 1.7 for some colourful
examples.
(a) Codeacademy (b) Foursquare
(c) Tripadvisor
Figure 1.7: Badgese example on famous services.
6http://www.tripadvisor.com/TripCollective
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Leaderboards are pretty self-explanatory. Lists with names and scores
that stand for a ranking system. Still, a leaderboard gives a player context
when it comes to his progression, it could work as a powerful motivator to give
the player that extra boost to move up in the ranking. The ability would be
in creating a leaderboard that does not disincentive the player showing them
how deep they are, score-wise. That is why two main types of leaderboards are
used today: the no-disincentive leaderboard, where the player stands in the
middle of the leaderboard, behind him the ones with a lower score, above the
next best score, and the infinite leaderboard, which can be sliced according
to local, social and global variables (2011).
The PBL triad is a good starting point but a really minor one, gamifica-
tion is much more than that and its base relies on mechanics, dynamics and
aesthetics.
I would like to close this section on these three pivotal elements, having
tried to explain what gamification is, why we play, what elements could be
used and especially what for.Now it is time to move to the next section, where
I will be tackling the issue of mobile health, particularly relevant considering
how gamified processes are blended with mobile health and fitness application
and websites.
1.2 Electronic and Mobile Health
Mobile Health (mHealth) is a really important part of Electronic Health
(eHealth) where tools and treatments are operationalized and transformed for
delivery via the Internet or mobile platforms. Among those electronic tools
for patients or caregivers, consumers and health care providers are included.
Or, as the Global Observatory for eHealth defined it, mobile Health is a “med-
ical and public health practice supported by mobile devices, such as mobile
phones, patient monitoring devices, personal digital assistants (PDAs), and
other wireless devices. mHealth involves the use and capitalization on a mo-
bile phone’s core utility of voice and short messaging service (SMS) as well as
more complex functionalities and applications including general packet radio
service (GPRS), third and fourth generation mobile telecommunications (3G
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and 4G systems), global positioning system (GPS), and Bluetooth technol-
ogy” (2011, p.6).
It comes as no surprise, considering what big steps in technology we
made, that those practices are getting more and more important during these
years. In the last two years the perception of mHealth has become increas-
ingly business oriented. To support this statement I will make use of Re-
search2guidance’s mHealth App Developer Economics 2014 and some of their
graphs. According to them, the number of mHealth apps published on iOS
and Android goes over 100,000 and the market revenue is projected to grow
from 2.4 billions dollars (2013) to 26 billions dollars (end of 2017), with most
of the revenues coming from services where structures/teams of medical staff
monitor and consult with doctors, patients and general healthcare-interested
individuals (2014).
Figure 1.8: Global mHealth market revenue in USD (2013-2017).
The biggest group of mHealth apps is fitness apps, mostly made of fitness
trackers or exercise guides, followed by medical reference apps and wellness
apps (see Figure 1.9).
Medical condition management apps represent the 5th largest group of
mHealth apps (6.6%), the group consisting of apps tracking, displaying and
sharing user’s health parameters, medications intake, feelings or behaviour of
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Figure 1.9: mHealth app category share.
sorts. drDrin falls under this category.
drDrin7 is a modular web-app and native app platform, developed to help
chronically ill patients to manage their prescriptions. It is also the mHealth
app I chose to work on for my traineeship for the University of Pisa. I will go
into more details on the app and on the tirelessly working team developing
it in the section about drDrin and its competitors. For now let us finish this
small outline of mHealth market.
Still according to Research2guidance’s report, most mHealth app publish-
ers target chronically ill patients (31%) and health and fitness-interested peo-
ple (28%), most of the revenues coming from services, as previously stated,
and hardware sales (like wearable sensors). In the last couple of years the
market has seen a flourishing of wearable sensors such as Fitbit, Jawbone
and Garmin, together with smart watches capable of health tracking such as
Apple Watch or Android Wear (Moto 360, LG G Watch...).
All of the data show that this field is still expanding and this is also
shown by the increase of research literature on mHealth. Fiordelli and Schulz
conducted a systematic literature review in 2011 to show how scientific articles
7https://www.drdrin.it/
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on the subject increased dramatically, as shown in Figure 1.10.
Figure 1.10: Distribution of scientific articles on mHealth over time.
According to Web of Science the trend still continues, as can be seen in
Table 1.1 (all of the results are taken from the Web of Science analysis tool,
having mHealth as the topic of research)8.
The importance of mHealth goes far beyond pure revenue generation op-
portunity, in fact it is reasonable to think that it will have a significant impact
on healthcare industry with improvements in outcomes of treatments, self-
care of people and slowing down healthcare costs, especially when it comes to
hospital stay cost and patients’ non-adherence (2014).
1.2.1 Medication Adherence
“Drugs don’t work in patients who don’t take them” as Brondi, Bendinelli,
et al. say in their paper about their solution (2013). Poor medical adherence
results in a deterioration of the patient’s health conditions and an increase in
direct and indirect cost for the medical system and the patient himself (2013).
8http://apps.webofknowledge.com/UA_GeneralSearch_input.do?product=UA&
search_mode=GeneralSearch&SID=S1HzNPSnD9rMZCWA2US&preferencesSaved=
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Publication Years Record Count % of 601 (Total)
2015 112 18.636%
2014 213 35.441%
2013 145 24.126%
2012 112 12.313%
2011 74 4.493%
2010 16 2.662%
2009 7 1.165%
2008 4 0.666%
Table 1.1: Number of scientific articles on mHealth according to Web of Science
Core Collection.
According to Professor Richard Gray’s manual on Adherence Therapy, pa-
tients are more likely to be motivated to take medication when they accept
they have an illness and they agree with the treatment, having had accu-
rate information about it and any concerns addressed (2006). Many factors
influence adherence and I will not be discussing them here. Generally speak-
ing factors affecting medication adherence span from illness related factors to
prescriber related factors through cultural factors.
Many approaches are used when it comes to treating adherence, including
patient education and behavioural interventions, mostly focusing on engage-
ment. As I have been discussing above, an engaged customer could have some
significant behavioural shifts, especially when it comes to health and fitness.
My next section talks specifically of this aspect, in relation to gamification
and engagement in mHealth and fitness solutions, with focus on some real
cases.
1.3 Gamification in Mobile Health and Fitness
and Case Studies description
In the sections before I have tried to briefly explain what are the reasons
behind medical adherence and the reasons behind the act of playing, there-
fore reaching a point of agreement between the two subjects, giving patients
control over the situation. If the patient is left with a sense of control over
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his prescription, he might be more active when it comes to adherence. “Com-
puter games and personalized health share the ability to place the individual
in the center of the action” (2012, p.85) as McCallum explains in his paper on
gamification for personalised health. Games occupy many areas of healthcare
and the Games for Health project9 compiled a taxonomy to try and cate-
gorise different types of games in different healthcare sectors, as can be seen
in Figure 1.11.
Figure 1.11: The Games for Health Taxonomy developed by the Games for Health
Project.
Gamification and Serious Games are not part of that taxonomy, as they
refer to how the experience is designed. Now it would be a good time to
discern the one thing from the other.
Serious Games are proper games, designed and programmed as such. Most
of them are simulation of real life contexts, but not all of them. They use
rhetoric to persuade the users of serious issues and are usually immersive.
Gamification, on the other hand, happens in real life context and the game
is just a secondary task. Well made gamification makes use of the context to
provide motivation according to the rules of persuasion I have been discussing
before. Last but not least, gamification plays more like a casual game rather
than an immersive experience.
9http://gamesforhealth.org/
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A study from 2014 by Lister, Cannon, et al. with the title “Just a Fad?
Gamification in Health and Fitness Apps”, showed that gamification in health
and fitness apps is extremely popular (even if most of the times they just make
use of some elements of it) on Apple App Store. Lister, Cannon, et al. also
construct an heuristic of the gamification component used to discern applica-
tion to be included in the study. Out of the 261 apps they analysed, 52,5%
contained at least one element of gamification with around 23.8% containing
three or more elements from the ones they reckoned as important. What is
addressed in the paper, though, is the inability to develop gamification’s full
potential, for gamification apps focus “primarily on motivational components
of behavior without adequately addressing capability or behavioral triggers.”
(2014, p.9). They also stated that game elements were correlated to app pop-
ularity, as represented by the number of app reviews. According to them there
is still much potential that could be unlocked with the right gamification of
processes.
Trying to unlock the complete potential of game-thinking is, once again,
Jane McGonigal. Her website and iOS app Superbetter 10 is the first and one of
the best examples I would provide in this section. Trying to build resilience,
“adapting well in the face of adversity, trauma, tragedy, threats or significant
sources of stress”11, Superbetter allows you to set a goal and work your way
towards it. In order to do so it makes you choose what is the goal you are
striving for (see image Figure 1.12) and allows you to either write your “quests”
or choose a “power pack” and let the system choose which action to perform.
HabitRPG12 works in a similar way, you build your avatar and put down
your tasks as quests. Once you complete them, you are rewarded gold. With
the gold you can buy armour and modify the physical appearance of your
avatar or just treat yourself with some cake. HabitRPG also allows you to
set up a “party” and try and tackle quests with friends. The social aspect is
really important when it comes to motivation, so no wonders most app make
10https://www.superbetter.com/
11http://www.apa.org/helpcenter/road-resilience.aspx
12https://habitrpg.com/static/front
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Figure 1.12: Superbetter and the possible goals.
Figure 1.13: Superbetter’s homepage.
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use of it.
Figure 1.14: HabitRPG’s homepage.
Fitocracy13 lets you create a workout, and the social impact of it should
keep you motivated. Other users give you “props” and you can give them
back, in a sort of virtuous circle. In addition to that you can challenge your
friends to exercise contests and earn recognition. You get points for every
workout you complete and you level up and get badges for your hard work.
Gamification is heavily bonded to social and fitness and Fitocracy is just
one of the examples. Nike+ Running was among the first (2006) to try and
make fitness social and “fun,” making use of devices such as activity trackers
and fitness bands. Fitbit behaves similarly, having their own fitness band
and allowing users to have their profiles and weekly statistics, sending mails
to keep customers engaged and, of course, badges. In addition to those, the
fitness band can be paired with the FitRPG app which turns your steps/ac-
tivity/workout in experience points for your fitness quest.
Most of them seem to focus on running with some of them trying to make
the running experience more enjoyable through some storytelling, let us see
Runtastic Story Running 14 for example or even very popular apps such as
13https://www.fitocracy.com/
14https://www.runtastic.com/storyrunning
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Figure 1.15: HabitRPG’s avatar customization.
Figure 1.16: Fitocracy’s homepage.
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Figure 1.17: Profile Page Figure 1.18: “Props” system
Figure 1.19: Examples of Fitocracy’s Android App.
Zombies, Run!15. The first one injects the popular running app with some
stories goodies, the narrative arc following that of the interval training. The
music has different beats per minute trying to match the running speed, while
identifying with the story should allow you to keep motivated, not differently
from Zombies, Run!. The zombie running audio game puts you in the shoes of
a survivor and motivates you to stay that way, “forcing” you to run faster in
order to avoid to become a zombie yourself. It has different missions, lets you
build your own base with the supplies you collect if you manage to overcome
quests and has a large world community.
Two of the last additions to this kind of gamification are pretty big players,
Google and Atari. The first one released not too much ago (May 2015) an
open source game to demonstrate how Google Fit and Android Wear could be
combined in a gamified running experience16, while the other tried to create
15https://zombiesrungame.com/
16http://android-developers.blogspot.ca/2015/05/exercise-or-games-why-not-both.
html
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a “gamer-friendly” training app that unlocks Atari classics (such as Pong or
Centipede) with the points you earn from your trainings17.
To further prove how the social aspect is important when it comes to gam-
ifying fitness app, Hamari and Koivisto conducted an empirical study on how
social influence works in exercise gamification, coming to the conclusion that
social factors (subjective norms, perceived recognition, perceived reciprocal
benefit) had a positive relationship with use and exercise continuance. In
addition to that, the user expressed intention to recommend the technology
to others as mediated by attitude. This study18 seems to be in line with pre-
vious researches stating that social features in exercise gamification increased
physical activity (2015).
Those are just some of the examples of gamified fitness apps, the ones I
thought were more significant or interesting, but this is not by any means an
exhaustive list. What I still have to discuss about is gamification in mobile
health.
Fitness is relatively easier to gamify as a process, when it comes to health
there are some distinctive sets of challenges. Privacy is of paramount impor-
tance when personal health is at stake and most regulations for federal privacy
do not go well with social sharing. In addition to that, there is the problem
of building game assets on something serious as this topic. You have to keep
your customer engaged but at the same time you must not diminish the im-
portance of what they are doing (2013). This way of thinking goes also well
with general games for health, a field that tries to tackle the two subjects in
the best possible ways. More information about this matter can be found on
the Games for Health blog19 and in the substantial database pulled together
by the Health Games Research20.
Games, health and engagement go particularly well together, when it
comes to chronic illness treatment. A chronic disease is “a long-lasting con-
dition that can be controlled but not cured.”21 It goes without saying that
17http://www.atarifit.com/
18Please see the complete paper for the specifics of their research.
19http://gamesforhealth.org/
20http://www.healthgamesresearch.org/
21http://cmcd.sph.umich.edu/what-is-chronic-disease.html
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constant effort is the most important topic in managing a chronic disease and
games and gamification could help with that.
One of the biggest companies in the sector is Ayogo22. Ayogo has designed
an app called Empower to help chronic patients develop new behavioural
habits specific to their condition with the use of daily prompts, small ac-
tivities, games and surveys. Guys over at Cohero Health23 use gamification
to engage younger patients and award them if they use their asthma inhaler
correctly with an app paired with inhaler sensors. Other companies and appli-
cations focus on medication intake, instead, for medical adherence is another
thorny situation insofar as chronic diseases are concerned. This will be the
main focus of my next chapter, where I will be examining some gamified
processes within drDrin’s competitive landscape.
22http://ayogo.com/
23http://www.coherohealth.com/#home
Chapter 2
Design of a New Gamification
Concept for Medication
Adherence
2.1 drDrin case and its competitive landscape
In the past chapter I have been briefly talking about drDrin, it is now time
to properly introduce it, to explain what it does and what its functions are.
drDrin stands for an ICT (Information and Communications Technology)
framework developed by BioCare Provider, a start-up founded in 2013 by pro-
fessionals from ICT and pharmaceutical fields focusing on mobile and digital
technologies applied to medicine, health and wellbeing.1
It is a modular web-app and native app platform (both on iOS and An-
droid) developed to help patients dealing with complex therapies. drDrin’s
motto is “Remember. Share. Take Care.” for those three are its pivotal
elements. Patients, especially the ones having to face chronic diseases, are
to take a huge amount of drugs. Remembering which to take and when to
take them requires a consistent amount of mental effort. What makes drDrin
interesting, both as a web-app and a native app, is its ability to share your
therapies with a Tutor, whether a member of your family or your caregiver
1https://biocareprovider.com/en/home-en/
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or even your doctor or pharmacist. Third point is to “take care”, to actually
check one’s conditions in relation to the therapy they are following. Health
is a serious matter and it should be considered as such. In addition to this,
an integrated and bidirectional framework such as drDrin, could help with
tackling the medication adherence problem explained in subsection 1.2.1.
drDrin allows patients to set up their complex therapy to help them re-
lieve some of the burdens of a chronic disease. Once you create your profile
on drDrin’s website (fig.2.2), you can add therapies and as need therapies
(drugs that should be taken only if necessities arise) according to your health
condition (fig.2.3). You fill in the forms and the app will then notify you
when it is time to take your medications and when they are running low and
they will be out of stock. The system syncs your prescription, and you can
add them both on the internet or your smartphone. The web-app also allows
you to see a chart with your adherence levels (fig.2.4) and to export a pdf
report of your own therapy, pointing out your condition, active, inactive and
interrupted medications.
Figure 2.1: drDrin’s homepage.
While working with Francesca Sernissi and Daniele Sartiano, respectively
CEO and Co-founder of BioCare Provider, I had the opportunity to analyse
both the web-app and the native app, before coming up with a gamification
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Figure 2.2: drDrin’s profile page and sidebar menu.
Figure 2.3: drDrin’s therapies page.
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Figure 2.4: drDrin’s adherence levels chart.
Figure 2.5: Main Page Figure 2.6: Medication Stock
Figure 2.7: Examples of drDrin’s Android App.
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concept. It was also important understanding the state of the art regarding
this particular field, mobile health. Both iOS and Android markets see the
flourishing of pill-reminders, for they perform well and are free most of the
time. I installed and had a look at fifteen pill-reminder applications (see
Table 2.1) in order to understand what the state of the art is, finding out that
just three of them show what I could consider gamification design: Mango
Health, MyTherapy, Medisafe and MySugr.
Mango Health2 rewards the user with points, every time they either take
their meds properly or succeed to maintain healthy habits. These points
unlock the chance to win gift cards and charitable donations in raﬄes. Un-
fortunately, Mango Health is only available in the United States, its rewards
being a donation to the ASPCA (The American Society for the Prevention of
Cruelty to Animals) or Target, Gap and Whole Foods gift cards. Redeemable
points stand in the SAPS system of rewards according to Zichermann and
Cunningham, where SAPS stands for status, access, power, and stuff (2011,
p.10). In this case we are mostly talking about the latter, as “freebies” are a
strong incentive, for players tend to overvalue them (2011, p.12). Still, the
point here stands not on the value of the prize, rather on how strong this
extrinsic motivators are. As Werbach and Hunter put it, “rewards can crowd
out fun and Sometimes giving people a bigger benefit to perform some activity
will actually make them do it less, and worse [...] because extrinsic motiva-
tors tend to crowd out intrinsic ones. For tasks that are interesting, intrin-
sic motivation dissipates when extrinsic rewards are tangible, expected, and
contingent” (2012 p.60). Nevertheless, when skillfully managed, redeemable
points turn out to be a working method. As Cutler writes on Techcrunch, it
looks like the adherence rates and engagement statistics are pretty high, for
Mango Health’s mobile app has a one-year return rate of 34%. That means
that almost one third of the users are retained after one year, while mobile
games typically have a 30% return rate for one month (2015). These results
could also be achieved thanks to a throughly thought gamification process,
considering both Jason Oberfest and co-founder Gerald Cheong’s background
2https://www.mangohealth.com/
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at game company Ngmoco.3
Figure 2.8: Mango Health’s
home page.
Figure 2.9: Mango Health’s re-
wards.
MyTherapy has some “borderline” gamification traits, such as rewarding
you with a nice picture if you complete the tasks you set (you either took
your drugs or put in a health measuring or completed a health related task).
A big colourful number (hiding different pictures every time, see Figure 2.11)
tells you how many activities you completed so far, a subtle feedback loop
that should help you not to interrupt your healthy habits.
Similarly, Medisafe shows some other light gamification components: cus-
tomisation of both avatar and pills and the newly introduced “medtones”. The
three of them all fall under the customisation category. Once again, according
to Zichermann and Cunningham, customisation is commitment and provides
with a sense of control on the environment (2011, pp.71-72). Recently they
also added what they called “medtones,” a crasis between medicine and ring-
tones. By suggesting some popular culture notification sounds (see the exam-
3urlhttp://www.ngmoco.com/
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Figure 2.10: MyTherapy’s
streak counter.
Figure 2.11: MyTherapy’s
streak “hidden” content.
ples in Figure 2.13) they aim to inject an element of fun to the “remember to
take your pill” moment.
MySugr4 is by far the most gamified of the applications analysed. It also
addresses a slightly different type of customer/patient. Focusing on a specific
pathology, diabetes in this case, and on younger patients, it comes as no
surprise their user design is colourful and easy on the eye. Submitting the
information regarding their therapy, measurements and activity, the users gain
points (with an immediate visual feedback) that will help them stun and defeat
the “diabetes monster.” MySugr shows a skillful application of the points
and badges of the PBL triad (which I have been talking about in subsection
1.1.2). There is no point in leaderboards, considering the sensible data at stake
here. Every time a user makes an entry he gains points with an immediate
visual feedback, this points help him tame the diabetes monster, hitting him
and sometimes literally shattering him. Achievements are obtained through
challenges that show progression bars (see image 2.18). MySugr works more
4https://mysugr.com/
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Figure 2.12: Medisafe’s avatar
customization.
Figure 2.13: Medisafe’s med-
tones.
like a diary than a proper pill-reminder, but it is a worthy example of well
done gamification and it has a dedicated and integrated framework of apps
as well5, spanning from the Logbook (which I analysed) to the Importer app
and the Quiz app, helping people better understanding diabetes in a fun way.
MySugr stands also as a good example of conveying knowledge with the help of
games/gamification, another crucial component when it came to my solution
to drDrin’s gamification concept.
Those brief analyses, combined with the information given in the first
chapter of this dissertation, brought me to develop a proper idea of a gamified
solution for drDrin, which I will thoroughly explain in the next section.
2.2 Idea
The point stood in designing something that could be both interesting and
fun while conveying knowledge, all of this packed in a pill-reminder applica-
5https://mysugr.com/apps/
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Figure 2.14: Home screen with
diabetes monster.
Figure 2.15: Home screen with
“tamed” diabetes monster.
Figure 2.16: Challenge details. Figure 2.17: Challenges’ pro-gression bar.
Figure 2.18: MySugr’s Android Logbook examples.
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tion. The challenge wasn’t an easy one, but I managed, with the help of the
lovely people over at BioCare to pull off an idea that seems to match all of
these fields: phytotherapic plants.
A digital plant could provide prompt feedback and help establish a “bond”
between the patient and the digital companion, being a “living” thing. In
addition to that, the plants chosen for the experiment would all be from
a pool of specific phytotherapic plants, having then peculiar characteristics
when it comes to their use in medicine.
The whole concept develops as follows:
– The user will be given a choice from a pool of phytoterapic plants (a
small one to begin with), the plant will be the avatar of the player. The
player can give the plant a name and a little customisation. The plants
will have a description which serves as a double function, both the iden-
tification of the patient with the plant and the creation of knowledge.
We considered the idea of characterising the plants with some fantasy
elements when dealing with younger patients. The user can have one,
and only one, active companion per time. It will be possible to “freeze”
it when it is not used and to restore it later on/create a new one.
– The plant has evolution phases: it all starts from the seeds and after
the first tutorial there would be the budding. The plant gets to the
next stages depending on how many tasks the user has performed, more
tasks are equivalent to more points obtained. From one level to the
other, the number of points required to evolve increases exponentially
(there will be examples in section 2.4). We also considered balancing the
points with the tasks performed: the players should reach levels with the
same speed, independently from the number of drugs taken. The plant’s
stage will be directly derived from the player’s points (that will not be
shown anywhere) and it will be represented by a progression bar. Level
capping (reaching maximum level) should be avoided. Better to have
the possibility to regenerate the plant from a special seed released from
the previous companion once it reached its final stage. The progression
should take the player to “mastery.”
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– The insertion of leaderboards has been considered, provided to show
just the name of the plant and its level, in order not to disclose sensitive
information about patients and respect privacy issues.
– Visual feedback should be immediate and the environment of the plant
could reflect the patient’s mood (this information coming from patient’s
answers to surveys and quizzes).
– The plant should show signs of negligence when non-adherence were to
occur. It will absolutely not die off, though, given the delicate context
we are dealing with. If the patient fails to take care of the plant, it
could go back to a previous stage.
– Besides engaging the customer and trying to add an element of fun, the
application should also try and create knowledge. The patient would
be given research materials on the plant he/she has chosen. This could
also be applied to specific pathologies, giving patients access to relevant
literature on their conditions.
– Interaction with other people should be considered, in order to push
“social engagement.” drDrin gives you the possibility to choose a tutor,
this tutor should be able to see your plant, notify you if it is in good
shape and maybe give some bonuses.
– There could be a time lapse video summary at the end of the treatmen-
t/month, showing the status of the companion in different time frames.
This short videos provided by the app could be shared on social plat-
forms in order to create an engagement loop.
2.3 MDA (Mechanics, Dynamics, Aesthetics)
Framework
All of those ideas needed a framework to stand on, and in this case I
decided to apply a framework specifically designed for game design (not gam-
ification), the MDA framework.
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MDA stands for mechanics, dynamics and aesthetics, and once again ac-
cording to Gamification by Design, “Mechanics make up the functioning com-
ponents of the game. At their core, they allow a designer ultimate control
over the levers of the game, giving her the ability to guide player actions.
Dynamics, meanwhile, are the player’s interactions with those mechanics.
They determine what each player is doing in response to the mechanics of
the system, both individually and with other players. Sometimes, game me-
chanics and game dynamics are used interchangeably, but they are markedly
different. Finally, the aesthetics of the system are how the game makes the
player feel during interaction. Game aesthetics can be viewed as the compos-
ite outcome of the mechanics and dynamics as they interact with and create
emotions.” (Zichermann and Cunningham, p.36). Therefore components, in-
teraction with those components and the emotions derived from those inter-
actions. As explained by the creators of the framework, Hunicke and Zubek,
the MDA framework breaks down the main elements of games consumption
in three main elements: rules, system and “fun.” Those three see their design
counterparts in mechanics, dynamics and aesthetics (2004). Still according to
this paper, it is worth considering how they think of games more like artefacts
than media, in this way helping framing them as systems “that build behavior
via interaction” (2004, p.2).
In trying to apply this framework in a professional environment in order
to design, evaluate and solve engagement problems I used the Gamification
Model Canvas developed by Sergio Jiménez over at GameOn Lab6, which I
modified in order to meet the needs of this dissertation. You can see the result
in figure 2.19.
Expanding the bullet points on the canvas, “platforms” stands for which
platforms were considered in implementing the game mechanics. In this case
the idea will be implemented on the drDrin web-app. If the concept turns out
to work well, it could be later implemented on the native applications (iOS
and Android) as well.
Game mechanics mostly stand on the player-plant interaction, the plant
being the avatar, the digital representation of the player. As it has been
6http://www.gameonlab.com/
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stated before, every completed task will give the player some points, those
points will influence the companion’s growth and subsequently, its level.
Components are the elements or characteristics of the game to create me-
chanics or to give feedback to the players, in this case we have: points, levels,
progression bars and, of course, the avatar. We have considered using com-
ponents such as leaderboards and achievements/badges, that may be imple-
mented in the future.
Regarding dynamics, the player will be rewarded if he/she is adherent to
the application. Dynamics for motivation sprout from the will to take care of
the plant and watch it grow. The users will partially identify with the plants,
but not completely, in order to have a safe distance between their well being
and the well being of the plant.
When it comes to aesthetics, the fulfilment derives from the actual tak-
ing care of a living thing, that should then transfer to the wellness feeling
associated to correctly adhere to a therapy. We will also try and achieve an
emotional bonding between the players and their plant, in order to “compel”
the patients to play and return to the application.
Behaviours include the actions that the players need to perform in order
to get returns from the project, such as watching a video or answer a survey.
In our case, we want the patients to interact with the plant and communicate
their data through survey/entry submissions.
The last section concerns the players directly, addressing questions such
as who they are, what they want, and what are they alike. In drDrin’s case,
as previously stated, we are dealing with patients in comorbidity, usually
having to take more than one medication daily. What our “players” want is,
basically, to feel better. In order to develop the project in a better way, we
also considered implementing “special” versions of the app in relation to the
age brackets or different pathologies.
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2.4 Data Model and Ranking Calculation Algo-
rithms
It is now time to get more specific on how the web-application was mod-
elled. I will give here more detail on how the data model was developed, but
most of its implementation will be explained in the next chapter, under the
backend section.
I developed the Data Model on the basis of the characteristics that needed
to exist in the database. In our case I needed a pretty straight forward model,
the companion was to have just a name, a field for points, one for the type
of the companion and a field for the description. Figure 2.20 represents the
model.
Figure 2.20: Companion Data Model
As it can be seen, ideally one user could have more than one plant in the
course of his/her therapy, but still one at a time. From the user model already
implemented in the web app, this model takes the id of the user as a foreign
key. The other fields are pretty self-explanatory. Name will be a character
field together with description, while type and points are both fields that will
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contain just positive integers. The is_active field is a boolean (either false or
true) showing if the patient has decided whether to use or not the companion
feature. More details on the creation of the model will be given in the next
chapter.
2.4.1 Points Scoring
The points are calculated according to an algorithm that can be seen at
figure 2.21. I will explain how it behaves in detail, once again, in the next
Figure 2.21: Companion Data Model
chapter. By now let us focus on what it means. Basically this algorithm de-
fines when the score increases or decreases, basing on whet an event happened
or not. The listener intercepts the event, which could be either a positive one
(the user has logged, the user has made an action) or a negative one (the user
has not logged, the user has not made any action). If the event is a positive
one, the score goes up. If the event is negative, the system checks whether
the user has any points and if so, the score goes down. Both the increment
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Meds taken/not taken As Needed Meds Add Therapy Add Stock Add Tutor
Meds = 1 3pts 3pts 5pts 2pts 10pts
1<Meds<4 2pts 2pts 4pts 1pt 5pts
Meds>4 1pt 1pt 2pts 1pt 2pts
Table 2.2: Main cases’ scores.
and the decrement go back to the listening act.
This said, let us talk now on how points influence levels and how much
does it take to get to the next level. I choose a pretty standard square root
relation, in this case: Level = Constant ∗√XP . Basically, the level depends
on a constant times the square root of the XP (experience points). The
experience points are provided as shown in 2.2.
For the constant I chose an arbitrary value of 0,4, as this looked like
the best option observing the curves that lead to the maximum levels in the
various use cases. This done, I devised three main categories to try and cover
all of the possible players use, with two borderline cases and a “possible” one.
These three categories should cover most of the patients using the drDrin app,
and the system would assign points for most of the tasks based only on the
number of medications entries (see table 2.2 for the specifics). I devised six
main stages, or levels, going from level 0, the seeds, to level 5, the completely
budded plant.
It is worth noticing that the scores I assigned are mostly arbitrary, for
there was no actual rule telling me whether to start from 3 points or, say, 10,
but they diminish in comparison to the number of medications taken. This
has been done to prevent a burst to the maximum level when a patient has
many tasks a day to perform.
The action rewarding the user with points are:
• Adding a therapy
• Adding an as needed therapy
• Taking/Not Taking a medication
• Taking an as needed medication
• Adding medication stock
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DAY 1 PTS DAY 1 LVL DAY 10 PTS DAY 10 LVL MAX LVL PREDICTION
CASE 1 16 1 72 2 2 months
CASE 2 27 1 166 2 2 months
CASE 3 22 1 143 2 2 months
Table 2.3: Use cases’ scores.
• Adding somebody as a tutor
As it can be seen, there is no penalty for not taking a pill, as long as the
patient communicates he/she has not taken it and maybe also why they did
so. The only way of losing points is not taking a medicine and not telling the
system why. I decided that this action should not influence the outcome too
harshly, so the player would only lose a point per each value not submitted,
capping at three points lost per day, maximum.
I then tested those scoring meters against three use cases, one for each
metric.
Let us suppose that there are three patients, each of them will add a tutor
during the first day and a second tutor after ten days. All of them will have
one as needed therapy and they will refill their stock every ten days. The
level should increase as follows: three days for the 2nd level, two weeks for
the 3rd level, a month for the 4th level, two months for the 5th and last level.
Case 1: Patient assuming 1 medicine per day, one pathology added.
Case 2: Patient assuming 4 medicine per day, one pathology added. Adds
three therapies on the first day.
Case 3: Patient assuming 7 medicine per day, one pathology added. Adds
six therapies on the first day.
Prediction can be seen in table 2.3 and a graph showing how fast each
case reaches maximum level can be seen in figure 2.20.
It is now time to get technical and delve into the code. In the next chap-
ter I will explain in depth what we have done code-wise, both backend and
frontend.
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Figure 2.22: Use Cases’ graph.
Chapter 3
Implementation
3.1 Web Framework: Django
We can now delve into the project from a development point of view. In
order to test the ideas contained in this thesis, I had to build a properly
working web-application, before submitting it and have it evaluated. Given
my knowledge, I preferred to tackle the web-development side of the drDrin
project.
On the web, drDrin has been developed with a popular framework, Django1
and it could be worth spending a couple words to illustrate how it works (all
of the following information come from the official site and documentation of
the Django project according to Django Documentation, 2015, v1.8).
Django is a high-level free and open source Python Web framework which
follows the model-view-controller (MVC) architectural pattern. It was created
in 2003, open sourced in 2005 and is now at the 1.8.3 release. It is maintained
by the Django Software Foundation (DSF) a non-profit independent organi-
sation.
The MVC pattern separates the data model representation (model), the
user interface (view) and the controller, which accepts input and converts it
to commands for the model or the view, an example can be seen in figure
3.1. In Django’s case, the model stands for the model, but the controller is
1https://www.djangoproject.com/
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called view and the view behaves a bit differently from the views in the MVC
patterns. It describes which data are presented, usually relying on a template
to establish how the data are rendered (sometimes not relying on a template
at all, a view could be returning a simple string, for example). Despite all of
the confusion, this is just a matter of names, though, because whether it is
an MVC or an MTV (Model-Template-View) pattern, the mode of operation
remains the same.
Figure 3.1: MVC pattern.
In order to generate HTML dynamically Django relies on templates. A
template contains the static parts of the desired HTML output as well as
some special syntax describing how dynamic content will be inserted (Django
Documentation, 2015, v1.8). Django has built-in backends for its own tem-
plate system, called the Django Template Language (DTL), while a popular
alternative engine is Jinja22 . Django also comes with its own built-in object
relational mapping (ORM) module. An object-relational mapper is a code
library that automates the transfer of data stored in relational databases into
objects that are more commonly used in application code. This comes in
handy because it provides a high-level abstraction upon a relational database
2http://jinja.pocoo.org/
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and allows a developer to write Python code instead of SQL to create, read,
update and delete data in the database (Makai 2015). This also makes it pos-
sible to port an application between various relational databases (i.e. SQLite
to PostgreSQL).
In order to better understand Django’s architecture, I have enclosed a
picture of its workflow (courtesy of Jeff Croft), see image 3.2.
Figure 3.2: Django’s architecture flowchart.
In Django we start with a main application, usually containing the config-
uration and main settings files. On a lower level, a basic Django application
divides between two folders, the main folder and the template folder (if there
are any templates). In the main folder we usually find three python files:
urls.py, views.py and models.py. A Django application is just a Python pack-
age that is specifically intended for use in a Django project. An application
usually uses common Django conventions, such as having models, tests, urls
and views submodules thus allowing reusability and modularity (2015, v1.8).
The URL dispatcher (urls.py) maps the requested URL to a view func-
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tion and calls it. Then the view function (views.py) performs the requested
action, which typically involves interacting with models to read or write to
the database. It may include other tasks, as well. The model (models.py)
contains the essential fields and behaviours of the stored data. Generally,
each model maps to a single database table. Although typically contained in
a relational database (MySQL, PostgreSQL, SQLite, etc.), other data stor-
age mechanisms are possible as well (XML, text files, etc.). Templates then
typically return HTML pages (contained in the template folder). Templates
come in quite handy when you have to pass objects within parts, using the
context. A context is a dictionary (“variable name” -> “variable value” map-
ping) that is passed to a template, which then renders a context by replacing
the variable “holes” with values from the context (2015, v1.8). The Django
template language consists of a pretty simple to learn HTML syntax. After
performing any requested task, the view returns an HTTP response object
(usually after passing the data through a template) to the web browser.
This is a simple take on how Django exactly works, and it does not take
into consideration all of the middleware, the “software glue” involved in its ar-
chitecture. To better understand it, please refer to Hitesh Sarda’s flowchart3,
3.3. This scheme shows how after user requests a page (1), this request reaches
the request middlewares (2), which could manipulate or answer the request,
before getting to the URL dispatcher (3). Then it invokes the view function
(4-5) after going through the view middlewares (also able to manipulate or
answer the request). The view could optionally access data through models
(6) and all model to database interactions are done through a manager (7).
Views could also use a special context (8) if needed, which is then passed to
the template (9) to render the output, using filters and tags (a). The output is
then returned to the view (b) and the HTTPResponse is sent to the response
middlewares (c), any of the latter could either enrich the response or return a
completely new one (d). The response is eventually sent to the user’s browser
(e) (Sarda 2009).
Django, as a framework, takes care of both the backend and the frontend
sides of the project.
3http://hitesh.in/2009/django-flow/
CHAPTER 3. IMPLEMENTATION 52
Figure 3.3: Django’s architecture flowchart, including middlewares.
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3.2 Setup and Tools
First of all, I have been working using PyCharm4 as the IDE (integrated
development environment), for this IDE has a particularly outstanding Python
support and offers a good framework-specific support, especially for Django.
In order to isolate my application and start with a clean slate, I then
installed and set up a virtualenv5, a proper virtual environment that has its
own installation directories and doesn’t share libraries with other enviroments.
We used Apache Subversion6 (SVN) as a version control system. To ex-
plain what a version control system does, let us say that it manages files and
directories over time. A tree of files is placed into a central repository which
is much like an ordinary file server, except that it remembers every change
ever made to your files and directories. This allows the user to recover older
versions of the data, or examine the history of how the data changed (Collins-
Sussman and Pilato 2006). Using SVN I had access to the drDrin’s whole
project package and I have been able to upload my own application without
fear of disrupting the main project, for I have been working in a “branch” of
the main project. When I say application here, I mean application in Django,
which is a Python package that provides some set of features (2015, v1.8).
There are many application in drDrin’s project that build the web app, and
mine is just one of those. Once this application has been developed, the
branch can be reintegrated in the “trunk” and become a fully functional part
of the project.
So, after having downloaded all of the parts of the drDrin project I needed,
I started to build my application starting from the data model. Please note
that all of the work listed here was mainly devised to build a proof of concept,
a working prototype which will not include all of the features. The user testing
and validation in the next chapter will rely heavily on this prototype being
shown to actual patients and doctors.
4https://www.jetbrains.com/pycharm/
5https://virtualenv.pypa.io/en/latest/
6https://subversion.apache.org/
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3.3 Backend
3.3.1 Data Model
In Django, generally a model maps to a single database table and the
framework gives you an automatically-generated database-access API. By de-
fault, the usual Django configuration uses SQLite7, we used the default con-
figuration for developing.
Let us go back to chapter two and figure 2.20, now we can actually see
how the data model has been developed, code-wise. The code develops as
follows:
#va l i d a t o r f o r the type o f the companion
de f validate_companion ( value ) :
i f va lue not in (CAMOMILLA, ARNICA, ESCOLZIA) :
r a i s e Va l idat i onErro r ( ’ I nva l i d value ’ )
#va l i d a t o r used to check whether the re i s a l r eady an
a c t i v e companion
de f va l i da t e_ i s_act ive ( companion ) :
i f companion . i s_ac t i v e and companion . user .
companion_set . f i l t e r ( i s_ac t i v e=True ) . exc lude (pk=
companion . pk ) :
r a i s e Va l idat i onErro r ( ’ Already one a c t i v e
Companion ’ )
#Companion Model
c l a s s Companion (models . Model ) :
user = models . ForeignKey ( DrDrinUser )
name = models . CharField (max_length=50)
po in t s = models . P o s i t i v e I n t e g e rF i e l d ( d e f au l t =0)
7https://www.sqlite.org/
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type = models . P o s i t i v e I n t e g e rF i e l d ( d e f au l t =0,
v a l i d a t o r s =[ validate_companion ] )
i s_ac t i v e = models . BooleanFie ld ( d e f au l t=Fal se )
#Overr ide o f the save funct ion , working as a
va l i d a t i o n
de f save ( s e l f , ∗args , ∗∗kwargs ) :
t ry :
s e l f . f u l l_c l e an ( ) #invokes the v a l i d a t o r s
va l i da t e_ i s_act ive ( s e l f )
except Va l ida t i onErro r :
r e turn
super (Companion , s e l f ) . save (∗ args , ∗∗kwargs ) #
Cal l the s up e r c l a s s save ( ) method .
#Level funct ion , implementing the s c o r i ng equation ,
K_POINTS i s the constant
de f l e v e l ( s e l f ) :
r e turn min ( i n t (K_POINTS ∗ math . s q r t ( s e l f . po in t s
) ) , MAX_LEVEL)
#Progres s funct ion , used to c a l c u l a t e the
p rog r e s s i on bar
de f p rog r e s s ( s e l f ) :
l e v e l = s e l f . l e v e l ( )
po ints_next_leve l = ( (min ( l e v e l +1, MAX_LEVEL+1)
) /K_POINTS) ∗∗2
i f l e v e l == MIN_LEVEL: #F i r s t l e v e l case
po ints_prev_leve l = MIN_LEVEL
e l s e : #Leve l s from the second to the l a s t one
points_prev_leve l = ( ( l e v e l /K_POINTS) ∗∗2)−1
p = in t ( ( ( s e l f . po ints−points_prev_leve l ) ∗100) /(
points_next_level−points_prev_leve l ) )
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re turn min (p , 100)
As we can see, the user is directly related with the main project’s users,
and it uses a foreign key to attach the companion to the player. The name
has its character field with a maximum length of 50 chars, while the points
have a positive integer field, that means only positive numbers (there cannot
be a negative score). The points start from 0 and then increase. There has
been no need to have a level field, for it always depends on the points. The
type shares the positive integer field with the points but with a different role,
it is needed to define which type of plant we are dealing with. In addition to
this, the type and the active fields have two validators to ensure the type of
the companion has a valid value (we want the companion to be an existing
plant). The last field is needed in order to actually check if the patient has
activated the companion feature with a validator to ensure that the patient
has only one active companion per time (as stated in the Idea section, 2.2).
We then defined some basic functions we needed in order to have all the
needed information about a certain companion. At the very top of the snippet
there are the validate_companion and the validate_is_active functions.
A validator is a simple utility function supported by the framework, that takes
an object and raises a ValidationError if it is not valid. In the first case the
exception is raised if the value taken when creating a companion is not in the
pool of accepted values. The second one checks if there is already an activated
companion, if so it raises an error. Then there is an override of the save()
function, working as a validation, checking the validate_is_active function
and calling the superclass save() method if everything ran smoothly.
The level() function implements the square root relation I have been
talking about in 2.4.1, calculating the level only up until the very last level
(MAX_LEVEL == 5), then maxing out. The last function, progress(),
has been devised in order to have a percentage of completion to show on the
progression bar. We took the level of the companion, the points required to
progress to the next level and the maximum points of the previous level. The
results of basic mathematical proportions then allowed us to have a percentage
to match a progression bar.
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In Django, before one can make use of the database, there is the need
to create it using the migrate command. The migrate command synchro-
nises the database state with the current set of models and migrations, it
looks at the installed apps settings and creates any necessary database ta-
bles. A migration is Django’s way of propagating changes the user makes
to the models, whether it is adding a field, deleting a model or others, into
the database schema. Migrations are designed to be mostly automatic and
one could think of migrations as a version control system for the database
schema. makemigration as a command is responsible for packaging up the
model changes into individual migration files while the migrate command is
responsible for applying those changes to the database.
3.3.2 Scoring Algorithm
Going back to figure 2.21, the simple algorithm shows how a listener can
determine whether an action has been made or not and whether it is a negative
or positive one.
Django includes a signal dispatcher which helps allowing decoupled appli-
cations to get notified when actions occur elsewhere in the framework,we used
those signals to get notified by Django itself of certain actions. Django has a
set of built-in model signals, for example the ones triggering before or after a
save() or delete() method is invoked on a model. The model signals that
come built-in with Django are:
• pre_init - signal sent at the beginning of the model’s initialization.
• post_init - signal sent when the initialization finishes.
• pre_save - signal sent at the beginning of a save() method.
• post_save - signal sent at the end of a save() method.
• pre_delete - signal sent at the beginning of a model’s delete()method.
• post_delete - signal sent at the end of a model’s delete() method.
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• m2m_changed - signal sent when a ManytToManyField is changed on a
model instance.
• class_prepared - signal is sent whenever a model class has been “pre-
pared”, that is, once model has been defined and registered with Django’s
model system. This is a signal generally used internally by Django.
We have been using only pre_save model signals. It is worth pointing out
that the arguments that are sent with this signal are:
• sender - The model class
• instance - The actual instance being saved.
• raw - A boolean; True if the model is saved exactly as presented.
• using - The database alias being used.
• update_fields - The set of fields to update explicitly specified in the
save() method. None if this argument was not used in the save() call.
Another function we used in order to obtain the information needed to
calculate the score is Cron. Cron is a program that enables Unix users to
execute commands or script automatically at specified time/date. It is a
daemon, it lays dormant until it is required and only needs to be started
once (Knowledge Base 2013). The Django-cron8 app has been used in order
to run the code on a recurring basis. drDrin’s app makes use of some Cron
Jobs to determine, for example which value will be written in the Prescription
“Outcome” field, which I will explain further on.
Coming back to the actions rewarding the user with points, those were:
adding a therapy/an as needed therapy, taking/not taking a medication/an
as needed medication, adding medication stock and adding a tutor. Those
four main information will come from preexisting part of the drDrin web app.
When adding a therapy, also an as needed therapy, the user will trigger
one of those signals I beforehand mentioned. The following example shows
how it works:
8https://github.com/Tivix/django-cron
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@rece ive r ( pre_save , sender=Therapy )
de f t r igger_therapy ( sender , ins tance , ∗∗kwargs ) :
i f not i n s t ance . pk :
companion = in s tance . owner . companion_set . f i l t e r
( i s_ac t i v e=True ) . f i r s t ( )
i f companion :
companion . po in t s+=POINTS_THERAPY
companion . save ( )
As it can be seen, this is a simple signal that triggers every time a Therapy
model is about to be saved (hence the pre_save). The signal is wrapped in a
receiver() decorator, which will connect the function to each of the signals
coming from the Therapy model.To meet the condition and raise the points,
the therapy should be created just now and the person adding the therapy
should have an active companion. The instance.pk is the first condition that
has to be met, a Therapy which is about to be saved will not yet have a
primary key. If there is no primary key, we then confirm that the user adding
the therapy actually has an active companion and we add three points to the
score of this one, eventually saving it.
Regarding taking/not taking a medication (also working for as needed
medications), I obtained this information from the Consumption model, in
the core models of the main drDrin app, specifically from the “Outcome”
field. You can see how the Consumption model relates to the user in figure
3.4.
The image represents a simplified version of the various models, which
here serve the purpose of showing how the model is structured and how im-
portant the Consumption model is. Every user can have more than one ac-
tive Therapy, every Therapy can be linked to various Prescriptions and each
Prescription has its own Consumption. For each Consumption there is an
“Outcome”.
The Consumption “Outcome” is represented by an integer, 0 to 5, with
each and every constant having a different meaning:
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• 0 - The patient has taken the drug (CONSUMPTION_TAKEN).
• 1 - The patient did not take the drug because of a doctor advice (CON-
SUMPTION_NTAKEN_DOCTOR).
• 2 - The patient did not take the drug because of a stock outage (CON-
SUMPTION_NTAKEN_OUTAGE).
• 3 - The patient did not take the drug on his own will (CONSUMP-
TION_NTAKEN_CHOICE).
• 4 - Data unavailable, the consumption is not available (CONSUMP-
TION_UNAVAILABLE).
• 5 - System Data, the consumption is inserted by the system (CON-
SUMPTION_NOT_POSTED).
Cases 0 to 3 correspond to a positive event, and they increase the user’s
points. Case 4 is a negative event, for a user has 6 hours to answer to a
pill notification, if he/she doesn’t do so, the system will automatically put
a value 4 in the “Outcome” field. Case 4 decreases the user’s point. Case
5 has been dealt with using some specific lines of code that I will explain
next. It is interesting here to have a look at the code, for in this particular
signal we implemented the three classes of points I have been talking about
in subsection 2.4.1. This turned out to be the only field that needed a tweak,
for it is the only one that makes a huge difference between a patient taking a
lot of drugs and a patient taking fewer drugs. The code behaves as follows:
@rece ive r ( pre_save , sender=Consumption )
de f tr igger_consumption ( sender , ins tance , ∗∗kwargs ) :
x = 0
#This case t r i g g e r s i f the consumption has been
i n s e r t e d by the system , prevent ing p ena l i s a t i o n
i f i n s t anc e . pk :
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old_object = Consumption . ob j e c t s . get ( pk =
in s tance . pk )
i f o ld_object . outcome == CONSUMPTION_NOT_POSTED
:
x = 1
e l s e :
r e turn
#This case t r i g g e r s f o r Outcome va lue s 1 to 3
i f i n s t anc e . outcome in (CONSUMPTION_NTAKEN_CHOICE,
CONSUMPTION_NTAKEN_DOCTOR,
CONSUMPTION_NTAKEN_OUTAGE, CONSUMPTION_TAKEN) :
datetime_now = now( )
timestamp_now = datetimeToUnixTimestamp (
datetime_now )
today_from = datetimeToUnixTimestamp ( datet ime .
datet ime ( datetime_now . year , datetime_now .
month , datetime_now . day ) )
n = Consumption . ob j e c t s . f i l t e r (
not i f i cat iont imestamp__range=[today_from ,
timestamp_now ] ) . count ( )
i f n == POINTS_CONSUMPTIONS_FIRST:
x += POINTS_CONSUMPTIONS_MAX_VAL
e l i f n < POINTS_CONSUMPTIONS_SECOND:
x += POINTS_CONSUMPTIONS_MIDDLE_VAL
e l s e :
n += POINTS_CONSUMPTIONS_MIN_VAL
e l s e : #This i s the case where the Outcome value ==
4
x −= 1
companion = in s tance . owner . companion_set . f i l t e r (
i s_ac t i v e=True ) . f i r s t ( )
i f companion :
companion . po in t s += x
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companion . save ( )
Once again, it is necessary to stop and analyse the code in order to under-
stand how we tackled the points issue. This one is still a pre-save signal,
happening just before the Consumption instance is saved. The first few lines
of code deal with the CONSUMPTION_NOT_POSTED case, which is case
“Outcome” == 5. The system automatically adds, via a Cronjob, the value
5 if a patient did not notify any kind of action. This value comes in handy
when the patient, for example, cannot connect to the Internet and, thus,
cannot send any kind of data regarding his/her consumption. The CON-
SUMPTION_NOT_POSTED is just one of the many constants called in
this snippet of code. As it happened with the signal before, we also check
if there has been a previous instance of the Consumption model, this time,
though, if it is so, we check the “Outcome” field value. If it has the value
corresponding to an outcome that has not been posted, we add a point to the
variable we created at the beginning of the snippet. This helps when there is
no notified consumption, in order not to give a penalty to the player, for the
system automatically decrements the score by one when an “Outcome” has
value 5, so we boost it by one point again, evening it. Then, if this consump-
tion is then updated to become one of the “good ones” (1 to 3) we would give
the player points, otherwise (4) we will take points from the player. Once this
issue has been taken care of, we then moved to all of the other possible values
of the “Outcome” field. As I have stated before, there will be no penalty for
a player if he/she doesn’t take the scheduled medication, as long as he/she
tells the system why they failed to do so. We then decided to apply the three
main cases shown in table 2.2, proven against a 24 hours span. Thanks to a
function we derive the time and we count the number of consumptions during
the day. The count() function is tested against the two threshold values:
• POINTS_CONSUMPTIONS_FIRST equal to 1.
• POINTS_CONSUMPTIONS_SECOND equal to 5.
After this condition we then set the points:
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• POINTS_CONSUMPTIONS_MAX_VAL = 3 for patients having 1
consumption per day.
• POINTS_CONSUMPTIONS_MIDDLE_VAL = 2 for patients having
2 to 4 consumptions per day.
• POINTS_CONSUMPTIONS_MIN_VAL = 1 for patients consuming
more than 4 drugs per day.
The last condition considers the consumption unavailable case, that will de-
crease the score by one point.
The Consumption model image also shows how the user is linked to User-
Stock, another important class, used to check whether the patient has added
a new stock or not. In this case the signal will go off when the Amount field
changes. We check if the previous amount is actually less than the current
one and we then proceed to assign 2 points per stocking.
We dealt similarly with the adding tutor feature, where we test the trigger
against previous instances, as we have done elsewhere to prevent the user
from getting points at every modification, and we check that the user role
corresponds to caregiver.
That should cover all of the actions performed for the backend section,
but before moving to the frontend section, we should be considering the View
that stands in between those.
3.4 View
There are two important views employed in the creation of the drDrin
web page we have been working with, in the main web view there is a
PrivateWebPageView(WebPageView), a view extending the TemplateView,
passing the companion as a context to the template and the CompanionView
(PrivateRestView) that manages the Companion creation and freezing.
A TemplateView renders a given template, with the context containing
parameters in the URL, extended by the generic WebPageView (created for
this project), in our specific case, PrivateWebPageView. This view checks if
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the user is not logged and in this case redirects him/her to the web page login.
The next snippet shows what it contains:
c l a s s PrivateWebPageView (WebPageView) :
de f get_context_data ( s e l f , ∗∗kwargs ) :
#Extends the super c l a s s method and s e t the lang
param .
context = super ( PrivateWebPageView , s e l f ) .
get_context_data (∗∗ kwargs )
#Checks i f the companion i s ac t ive , o therw i s e
r eque s t s one that has been ac t i va t ed but not
showed
a c t i v e = s e l f .
i f a c t i v e :
context [ ’ companion ’ ] = ac t i v e
e l s e :
context [ ’ companion ’ ] = s e l f . r eque s t . use r .
companion_set . f i r s t ( )
context [ ’ companiontypes ’ ] = COMPANION_TYPES
context [ ’ back_link ’ ] = r ev e r s e ( ’
private_patient_home_page ’ )
context [ ’ with_calendar ’ ] = True
re turn context
This code mostly checks if there is one active companion and if it is not
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shown, it passes the companion and its type as context.
The other view extends PrivateRestView, a base view to solve private rest
requests. The CompanionView takes care of the creation of the companion,
taking data from the HTTP POST an user makes when creating one and allowing
it to be written and saved to the database (this method is illustrated in the
code shown in the next section as an example of the frontend interactions).
The code develops as follows:
c l a s s CompanionView ( PrivateRestView ) :
@method_decorator ( custom_api_view ( [ ’POST’ , ’PUT’ ] ) )
de f d i spatch ( s e l f , ∗args , ∗∗kwargs ) :
r e turn super (CompanionView , s e l f ) . d i spatch (∗
args , ∗∗kwargs )
#th i s POST i s used to c r e a t e the companion
de f post ( s e l f , r eque s t ) :
type = reques t .DATA. get ( ’ type ’ , ’ ’ )
name = reques t .DATA. get ( ’ name ’ , ’ ’ )
i f not type or not name or r eque s t . user .
companion_set . f i l t e r ( type = type ) :
r e turn BuildResponse (
400 ,
_( ’Bad Request ’ ) ,
None ,
s t a tu s .HTTP_400_BAD_REQUEST)
f o r obj in r eque s t . use r . companion_set . a l l ( ) :
obj . i s_ac t i v e = False
obj . save ( )
c = Companion ( )
c . user_id = reques t . use r . pk
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c . name = name
c . type = type
c . i s_ac t i v e = True
c . save ( )
re turn BuildResponse (
200 ,
None ,
{ ’pk ’ : c . pk} ,
s t a tu s .HTTP_200_OK)
#This PUT i s used to f r e e z e the companion
de f put ( s e l f , r eque s t ) :
pk = reques t .DATA. get ( ’ pk ’ , ’ ’ )
t ry :
i f pk i s not None :
c = Companion . ob j e c t s . get ( pk = pk )
c . i s_ac t i v e = not c . i s_ac t i v e
c . save ( )
re turn BuildResponse (
200 ,
None ,
None ,
s t a tu s .HTTP_200_OK)
except Companion . DoesNotExist :
pass
re turn BuildResponse (
400 ,
_( ’Bad Request ’ ) ,
None ,
s t a tu s .HTTP_400_BAD_REQUEST)
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The HTTP POST takes type and name as parameters, eventually saving the
companion after deactivating all of the previous ones. The HTTP PUT instead
takes the pk, the primary key, as a parameter and then proceeds to deactivate
the active companion. This should cover, even though not extensively, the
view subject. Time to move on the next and last chapter of the implementa-
tion, frontend.
3.5 Frontend
Frontend-wise, we have been working mostly with HTML, jQuery and
some straight-forward Ajax calls. I have not taken care of the CSS part, for
most of my work here has been “injecting” my code in preexisting parts of the
main project, or borrowing some features that had been created already. This
has been done in order to take advantage of some qualities of those features,
such as the responsive web design used by the programmers over at BioCare.
All of the companion designs and the CSS were taken care of by Gruppo
Ottomani9 a graphic design studio based in Rome.
Most of the actions performed were inside the home page of the drDrin
web-app, where the users can create, freeze and “reanimate” a companion. The
guidelines were set in a mockup I devised using InVision10 and that can be
seen at this link: https://projects.invisionapp.com/share/KW2E9QWGB.
Concerning the home page, the page will show two additional boxes containing
the plant and its description if the user has an active companion, otherwise
it will give the user the option to create one.
As I said before, we used the JavaScript library jQuery11 to manage the
interaction with the page, and its ajax method to perform asynchronous com-
munication between the server side and the client, as it can be seen in the
following example:
9https://www.behance.net/gruppoottomani
10http://www.invisionapp.com/
11https://jquery.com/
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$ ( document ) . on ( ’ c l i c k ’ , "#companion_save " , func t i on ( ) {
var payload = {} ;
payload . name = $("#companion_name") . va l ( ) ;
payload . type = $ (" input [ type=’ radio ’ ] [ name=’
companion ’ ] : checked ") . va l ( ) ;
$ . a jax ({
u r l : "{% ur l "companion_view" %}",
type : ’POST’ ,
contentType : ’ a pp l i c a t i o n / json ’ ,
data : JSON. s t r i n g i f y ( payload ) ,
s u c c e s s : f unc t i on ( data ) {
drdr in . ov e r f l o a t i ngPage s . c losePage ( $("#
private_home_create_companion_choice ") ) ;
companion = { ’name ’ : payload . name , ’ type ’ :
payload . type , ’ i s_act ive ’ : true , ’ pk ’ :
data . payload . pk } ;
$companion_boxes_container . html (
companion_boxes_template ({ ’ companion ’ :
companion }) ) ;
checkCompanionBoxesHeight ( ) ;
} ,
e r r o r : f unc t i on ( request , s tatus , e r r o r ) {
managerror ( ) ;
}
}) ;
}) ;
This snippet shows how we handled the saving of the chosen companion.
It invokes a simple function on clicking the save button. This function asyn-
chronously passes the name and the type of the plant in JSON to the server,
which then closes the choose companion menu or returns an error if the action
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was not successful.
The code that commands the freeze and the restore function of the plants
is pretty similar to the one I showed you in the last fragment. What was
more important was actually testing that the code, especially the backend
side, behaved as thought, hence we moved on to testing.
3.6 Testing
Last but not least, Django makes available a testing framework to validate
your code, which we have been using to check that the code we wrote worked
as expected. In doing so, we used a “technique” called unit testing. “Unit
testing is testing of individual hardware or software units or groups of related
units” (Std., p.79). Django’s test-execution framework can simulate requests,
insert test data and inspect an application’s output. We have been running
multiple tests to check the code thoroughly, see, for example, the following
snippet:
companion1 = Companion . ob j e c t s . c r e a t e ( user=pat ient ,
name="t e s t 1 " ,
type=1,
i s_ac t i v e=True
)
s e l f . a s s e r tEqua l ( companion1 . po ints , 0)
myTherapy1 = Therapy . ob j e c t s . c r e a t e ( author=myDoctor ,
owner=pat ient ,
user_stock=user_stock ,
user_pathology=user_pathology1 ,
d e s c r i p t i o n=’A t r i a l therapy ’ ,
endtype=1,
totconsumption=10,
quant i ty =1.5 ,
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s c a l i n g f a c t o r =1.5 ,
s c a l i n g f r e qu en cy =2,
s t a r t da t e=conve r s i on s . dateToUnixTimestamp (
datet ime . now( pytz . utc ) . date ( ) ) ,
enddate=conve r s i on s . dateToUnixTimestamp (
datet ime . now( pytz . utc ) . date ( ) ) ,
f r equency=therapy_weekly )
companion1 = Companion . ob j e c t s . get ( pk = companion1 . pk )
s e l f . a s s e r tEqua l ( companion1 . po ints , POINTS_THERAPY)
user_stock . amount = 24
user_stock . save ( )
daytime1 = conve r s i on s . daytimeToTimestamp (11 , 12 , 0)
p r e s c r i p t i o n = Pr e s c r i p t i on . ob j e c t s . c r e a t e ( therapy=
myTherapy1 ,
s chedu l ing =10,
daytime=daytime1 )
c = Consumption . ob j e c t s . c r e a t e ( p r e s c r i p t i o n=
pr e s c r i p t i on ,
no t i f i c a t i on t imes tamp =4815162342 ,
de l ay in s econds=0,
outcome=1)
companion1 = Companion . ob j e c t s . get ( pk = companion1 . pk )
s e l f . a s s e r tEqua l ( companion1 . po ints , POINTS_STOCK+
POINTS_TUTOR)
Easily enough, Django sets up simple routines to check the operation of the
code, which use a standard library module called unittest. This unit testing
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framework proves individual test case against specific responses to a particular
set of inputs. In this case we create a companion, we then check its points are
equal to 0 with the first assertEqual() function before creating a therapy
and checking again in order to make sure the score has increased. Then we
re-stocked our medications and checked that the score increased again.
This is just one small example of the unit testing drive we used with this
project. What we needed next was to validate again the application, this time
with actual patients, and this leads us to the next and last chapter: validation
and user testing.
Chapter 4
Validation and User Testing
4.1 Proof of Concept
Under Daniele Sartiano’s supervision, I ended up building a properly func-
tioning prototype. This prototype has been shown as a part of the concept
test, to try and validate the idea of a plant as a companion and the creation
of knowledge in the patients. The complete evolution of the plant chosen to
be part of the demo (Escholzia Californica) can be seen in figure 4.1. The
other two plants chosen to be represented in the prototype, Chamomile and
Arnica, have been only sketched in their final forms. As I stated before, all
of the graphic design has been performed by Ottomani’s studio, completely
in line with the infographic style adopted by drDrin. The following images
illustrate the built proof of concept.
4.2 Questionnaire
In order to test if this application could meet the favour of the public, I
devised a small questionnaire and I went, together with the BioCare Provider
team, to interview some patients myself. This has been done to obtain some
useful unbiased opinion on my idea and the way it has been prototyped. I
went mostly for a qualitative interview since I was only supposed to validate
the concept. The face-to-face interviews, though, came useful in order to
73
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Level 0 Level 1
Level 2 Level 3
Level 4 Level 5
Figure 4.1: Escholzia’s complete evolution.
Figure 4.2: The companion boxes in the homepage.
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Figure 4.3: The companion, its level and the progression bar in the popup.
Figure 4.4: The companion sidebar, where the user can either “defrost” the prece-
dent companion or create a new one.
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gather some insights and suggestions. Most of the questions were assessed
on a 5-points Likert Scale from 1 to 5. You can find the questionnaire (in
Italian) in Appendix A. The questions were mostly based on the patients use
of the Internet for health related researches, whether they played any kind of
videogames, or they could have been interested in the concept, and how much
they valued any kind of information regarding their therapies.
4.2.1 Participants
A total of 11 volunteers took part to the study, 7 female and 4 male,
aged between 29 and 73 years. Before interviewing them, I showed them the
informed consent to participate to this study by filling the questionnaire. The
patients were interviewed in two out-patients departments, one being in the
Rheumatology ward and the other one of a General Practicioner.
Figure 4.5: Age distribution for the participants.
4.2.2 Procedure
The participants were asked to fill the questionnaires in the waiting rooms,
the first two sections were followed by showing them the functioning proto-
type, explaining what drDrin project was and how the two were related.
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4.2.3 Metrics
Besides the anagraphic information in section one, section two and three
of the survey included various Likert-Scale from 1 to 5, where 1 stood for
Never and 5 for Always. Furthermore the patients were asked for suggestions
and impressions on the concept.
4.2.4 Results and Discussion
The outcomes of the questionnaires have then been analysed. The results
were not surprising, but still interesting. First of all, most of the patients
used the internet to search for health related issues, figure 4.6. As it looks
like, neither gender or age were important factors in this issue. Four of the
patients had never used internet, male and females of different ages. See also
the boxplot in figure 4.7 The results were similar when they were asked if
Figure 4.6: Use of Internet for health related researches tested against age and
gender.
they ever played any kind of videogames, most of them played sometimes, the
others either never or almost never played, as shown in figure 4.8 and figure
4.9.
7 out of 11 patients reported a medicine intake of less than three different
units per week, reasonable number, considering the age of the sample. Just
one of the interviewed used an online solution (whether app or website) for
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Figure 4.7: Use of Internet, boxplot of the Likert-Scale results.
Figure 4.8: Use of videogames tested against age and gender.
CHAPTER 4. VALIDATION AND USER TESTING 79
Ser
ious
 Ga
me
Use
fuln
ess
 On
line
 Ga
me
Pat
ient
s Ta
ke C
are
Pat
ient
s Cu
riou
s Ab
out
1
2
3
4
5
Sc
or
es
Section 3
Figure 4.9: Games section of the questionnaire, boxplot of the Likert-Scale results.
Figure 4.10: Number of medications taken by patients.
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health management. All of them showed interest in their therapies, being able
to understand why they were given such a prescription and trying to obtain
all of the possible information about it. When asked if they ever forgot their
medications, half of them answered “seldom”, regardless of their age. Just
a couple of patients admitted to forgetting medications almost every time,
interestingly enough, they were the youngest one and one of the patients
in the range 40 to 50 years old, see the boxplot in figure 4.11 for a visual
confrontation.
For
get
s M
edic
atio
ns
We
ll-in
form
ed o
n Th
era
py
Und
erst
and
s Th
era
py
Med
icat
ion-
Aim
Med
icat
ion-
Dos
age
Med
icat
ion-
Con
trai
ndic
atio
n
1
2
3
4
5
Sc
or
es
Section 2 - Medicine
Figure 4.11: Medication section of the questionnaire, boxplot of the Likert-Scale
results.
When confronted with a question regarding the benefits of a game during a
therapy, the answers were mixed, apart from a couple of patients interviewed,
the rest were fairly sceptical an approach like this one might work. All of them
had previous experiences with real plants and once I showed them the concept,
they were mostly positively impressed. Even if some of them confirmed me
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they would never use it (36,4%) almost all of them were curious about it, and
would suggest it to others, fig.4.12.
Figure 4.12: Reactions to the concept.
In spite of having this few data, this kind of interviews allowed me to in-
formally debrief with the patients, and ask them suggestions and impressions,
coming to some interesting conclusions. Even though the concept was ap-
preciated, some would have liked different companions to choose from, ideas
such as something to build or a small car popped out. Most of them were
not that good with smartphones, so they told me they liked the method, but
that it would come in handy for those who could actually use a website and
a smartphone proficiently. On the other hand some of them told me that this
kind of application could be useful mostly when a large number of drugs is
involved, hence in older/chronic patients.
This concept test was nowhere near a complete study of the reception
of the proof of concept, but stands easily as a good starting ground, the
dimension of the sample being sufficient to validate a proof of concept. The
companion was deemed as interesting and most of them reacted positively
to it, which is what I had hoped for. We are planning to conduct a proper
three months survey on a large scale once the concept will be active on drDrin
website and effectively linked with all the parts of the projects, involving “real”
user of both the webapp and mobile application.
Conclusion and Possible Future
Evolution
Final stage of this dissertation, conclusions. In this work I tried to give
the reader some background on gamification and its uses, especially coming
to health and fitness solutions. I then disclosed how I designed the whole
concept, illustrating the game design techniques I implemented. Third step
was the actual implementation, how all of this project was built. The last part
involved a series of short interviews to test the ground for future applications
of this solution.
What I tried to prove here was that there is a huge potential when we
combine game theory and health. In doing so, I hope that what I have devised
would be actually useful in the future. As I stated before, a proper trial
with users of the drDrin application will state whether it could be useful to
patients or not really. Regarding possible future evolution of this project,
there is a large portion of the features I imagined for this application that
have not been implemented. If this companion idea turns out successful, a
further development of its features will definitely be happening. This includes
adding new companions, further customisation, visual feedbacks and social
engagement. Once in beta, there could also be a study on how and if this
concept actually helps with adherence to the application and thus medication
adherence.
My work should be not considered as an extensive study on the subject,
rather as a starting point for the implementation of game mechanics in the
eHealth and m-health fields.
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drDrin Companion ­ Questionario
* Required
Sezione 1 ­ Anagrafica
1.  Sesso *
Mark only one oval.
 F
 M
2.  Età *
3.  Titolo di Studio *
Mark only one oval.
 Nessun titolo di studio
 Licenza elementare
 Licenza di scuola media inferiore
 Licenza di scuola media superiore
 Laurea
 Titolo superiore alla laurea
4.  È un paziente? *
Mark only one oval.
 Si
 No
5.  In quale reparto?
6.  È un medico? *
Mark only one oval.
 Si
 No
7.  Con quale specializzazione?
Appendix A
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Sezione 2 ­ Internet e le informazioni sulla sua salute
8.  Ha mai utilizzato Internet per ricercare informazioni sulla sua salute? *
Da 1 = Non ho mai ricercato informazioni sulla rete a 5 = Ricerco sempre informazioni
sulla rete
Mark only one oval per row.
1­Mai 2­Quasi Mai 3­A Volte 4­Quasi Ogni Volta 5­Sempre
9.  Ha mai utilizzato soluzioni online per la gestione della sua salute? *
Da 1 = Non ne ho mai utilizzati a 5 = Utilizzo giornalmente delle soluzioni online
Mark only one oval per row.
1­Mai 2­Quasi Mai 3­A Volte 4­Quasi Ogni Volta 5­Sempre
10.  SE PAZIENTE, mediamente quanti medicinali DIVERSI assume nell'arco di una
settimana?
Mark only one oval.
 Meno di 3
 da 4 a 7
 più di 7
11.  Mi capita frequentemente di dimenticare i medicinali *
Da 1 = Non mi è mai capitato a 5 = Mi capita spesso
Mark only one oval per row.
1­Mai 2­Quasi Mai 3­A Volte 4­Quasi Ogni Volta 5­Sempre
12.  Sono sempre informato sulle terapie che sto seguendo *
Da 1 = Non mi sono chiare mai a 5 = Sono chiare sempre
Mark only one oval per row.
1­Mai 2­Quasi Mai 3­A Volte 4­Quasi Ogni Volta 5­Sempre
13.  Quando mi viene assegnata una terapia comprendo sempre il suo scopo *
Da 1 = Non ne comprendo lo scopo a 5 = Comprendo appieno lo scopo
Mark only one oval per row.
1­
Sicuramente
No
2­Penso di
No
3­Non
Saprei
4­Forse
Sì
5­
Sicuramente
Sì
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14.  Vorrebbe essere informato di più sulla sua terapia? *
Mark only one oval.
 Si
 No
15.  Leggo spesso le informazioni contenute nel bugiardino *
Indicare per ogni tipo d informazione se questa viene letta spesso oppure no
Mark only one oval per row.
1­Mai 2­Quasi Mai 3­A Volte 4­Quasi Ogni Volta 5­Sempre
Scopo del farmaco
Posologia
Controindicazioni 
Sezione 3 ­ drDrin Companion
16.  Mi capita spesso di utilizzare videogiochi *
Da 1 = Non ho mai giocato a un gioco a 5 = Gioco giornalmente
Mark only one oval per row.
1­Mai 2­Quasi Mai 3­A Volte 4­Quasi Ogni Volta 5­Sempre
17.  Mi capita spesso di utilizzare applicazioni ludiche con scopi seri (Serious Game) *
Un Serious Game è una qualsasi applicazione che non ha esclusivamente o
principalmente uno scopo di intrattenimento, ma contiene elementi educativi e o
informativi. Da 1=Non ne ho mai sentito parlare a 5=Ne ho utilizzati diversi nel tempo
Mark only one oval per row.
1­Mai 2­Quasi Mai 3­A Volte 4­Quasi Ogni Volta 5­Sempre
18.  Pensa che un gioco online possa essere utile nel processo di cura? *
Da 1 = Non credo sia possibile a 5 = Sono convinto/a che sia possibile
Mark only one oval per row.
1­
Sicuramente
No
2­Penso di
No
3­Non
Saprei
4­Forse
Sì
5­
Sicuramente
Sì
19.  Se nel gioco le venisse proposto di prendersi cura di un soggetto, ad esempio una
piantina in crescita, pensa che le verrebbe voglia di prendersene cura? *
Da 1 = Non mi interessa a 5 = Mi piacerebbe prendermene cura
Mark only one oval per row.
1­
Sicuramente
No
2­Penso di
No
3­Non
Saprei
4­Forse
Sì
5­
Sicuramente
Sì
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Powered by
20.  Mi incuriosisce questa funzionalità, vorrei provarla *
Da 1 = Non mi incuriosisce, non vorrei provarla a 5 = Mi piacerebbe molto provarla
Mark only one oval per row.
1­
Sicuramente
No
2­Penso di
No
3­Non
Saprei
4­Forse
Sì
5­
Sicuramente
Sì
21.  Si è mai preso cura di una piantina reale? *
Mark only one oval.
 Si
 No
22.  Sulla base di quello che le ho mostrato,
quale pensa sia la caratteristica più
interessante?
23.  C'è qualche aspetto che le piace/non le
piace in particolare?
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